The problem of a magneto-hydro dynamic flow and heat transfer to a non-Newtonian power-law fluid flow past a continuously moving flat porous plate in the presence of sucion/injection with heat flux by taking into consideration the viscous dissipation is analysed. The non-linear partial differential equations governing the flow and heat transfer are transformed into non-linear ordinary differential equations using appropriate transformations and then solved numerically by an implicit finite difference scheme. The solution is found to be dependent on various governing parameters including the magnetic field parameter M, power-law index n, suction/injection parameter f w , Prandtl number Pr and Eckert number Ec. A systematical study is carried out to illustrate the effects of these major parameters on the velocity profiles, temperature profile, skin friction coefficient and rate of heat transfer and the local Nusslet number.
Introduction
The study of a non-Newtonian fluid has been of much interest to scientists because some industrial materials are non-Newtonian. In the food, polymer, petrochemical, rubber, paint and biological industries, fluids with non-Newtonian behaviors are encountered. The solution of the problem area of convective heat transfer between non-Newtonian fluids and two-dimensional or axisymmetric bodies is of general interest. Such a system has been analysed in the literature mainly for non-Newtonian power-law fluids and the effects of power-law index and generalized Prandtl number on the velocity and temperature fields as well as on the skin friction and heat transfer coefficients were emphasized. Acrivos (1960) was the first to study a freeconvection boundary-layer flow of a non-Newtonian power-law fluid along a vertical flat plate for large modified Prandtl numbers. Exact solutions of the equations of motion of power-law non-Newtonian fluids are difficult. The difficulty arises not only due to the non linearity but also due to the order of the differential equations.
The power-law model is widely used to study the pseudoplastic and dilatant nature of nonNewtonian fluids. The flow of a power-law fluid over a continuous moving flat plate with constant surface velocity and temperature was considered by Fox et al. (1969) , who employed similarity and momentum integral methods. The solution of heat transfer to a non-Newtonian power-law fluid past a static and moving plate was considered by Acrivos et al. (1960) , Schowalter (1960) , Lee and Ames (1960) and Hisio-Tsung Lin and Yen-Ping Shih (1980) .
A boundary-layer flow on a continuous moving solid surface in a Newtonian fluid was studied by Sakiadis (1961) . The experimental results of Tsou et al. (1967) confirmed that the mathematically described boundary-layer problem on a continuous moving surface is physically reasonable. Howell et al. (1997) studied the momentum and heat transfer on a continuous moving surface in a power law fluid. Momentum and heat transfer in a power-law fluid with arbitrary injection/suction at a moving wall were studied by Rao et al. (1999) .
Interest in hydro magnetic and heat transfer problems of non-Newtonian fluids has grown considerably in recent years because of their wide use in chemicals, foods, polymers, molten plastics, petroleum production and power engineering. For the non-Newtonian power-law fluids, the hydrodynamic problem of the MHD boundary layer flow over a continuously moving surface has been dealt with by several authors (e.g., Andersson et al. (1992) , Cortell (2005) and Mahmoud and Mahmoud (2006) ). In the above studies it was found that of the magnetic field decreases the velocity distribution and thus increases the skin friction coefficient. Sundaram and Nath (1976) considered the heat transfer to power-law fluid in the thermal entrance region with viscous dissipation and constant heat flux.
The effect of suction/injection is important in boundary layer control. Murthy and Sharma (1985) studied the effect of suction/injection on the flow past a continuously moving flat plate with heat flux. Recently Jadhav and Waghmode (1990) studied the effect of heat transfer to a non-Newtonian power-law fluid past a continuously moving porous flat plate with heat flux. The present work deals with the heat transfer to non-Newtonian power-law fluids past a continuously moving porous flat plate under the action of a transverse magnetic field with suction/injection by taking into account the effects of viscous dissipation.
Mathematical analysis
Consider the flow of a steady, laminar, incompressible non-Newtonian power-law fluid past a continuously moving porous flat plate. The X-axis is taken along the direction of the flow and the y-axis normal to it. The plate is assumed to be moving with uniform velocity U in the presence of a transverse magnetic field with the magnetic field intensity B 0 . The governing boundary layer equations are
where T is the temperature of the fluid,  = K/ρ is the kinematic viscosity, K is the power-law fluid parameter,  is density,  = k/C p is the thermal diffusivity, k is the thermal conductivity, C p is the specific heat at a constant pressure, μ is the magnetic permeability, σ is the electrical conductivity of the fluid and n is the power-law fluid index.
The boundary conditions associated with this problem can be expressed as
where V 0 (x) is the suction velocity and q w is the heat flux.
Method of solution
We shall transform Eqs (2.2) and (2.3) into a set of coupled ordinary differential equations amenable to a numerical solution. For this purpose we introduce a similarity transformation given as
For obtaining the similarity solution the dimensionless stream function  is defined as
Using the similarity transformation in Eqs (2.2) and (2.3) they are transformed into the form
is the magnetic field parameter, The boundary conditions (2.4) are transformed into
where f w > 0 for suction and f w < 0 for injection. To solve the system of transformed governing Eqs (3.3) and (3.4) with the boundary conditions (3.5), first Eq.(3.3) is linearized using the quasi linearization technique (1965) .
Then Eq.(3.3) is transformed to
where F is assumed to be known and the above Eq.(3.6) can be expressed in the simplified form as
where
Now Eq.(2.8) can be expressed in the simplified form as
Using implicit finite difference formulae, Eqs (3.7) and (3.8) are transformed to
here 'h' represents the mesh size in  direction. The system of Eqs (3.9) and (3.10) is solved under the boundary conditions (3.5) by the Gauss-Seidel iteration method and computations are carried out by using C programming. The numerical solutions of  are considered as (n+1) th order iterative solutions and F are the n th order iterative solutions. After each cycle of iteration the convergence check is performed, and the process is terminated when 6 F f 10   .
Skin friction
The shearing stress on the surface is defined by
Thus the skin friction coefficient is defined by
Heat transfer
The local Nusselt number for heat transfer is defined by
where the heat flux at the wall is given by w q k T y y 0
Results and discussions
A parametric study is performed to explore the effects of the magnetic field parameter M, power-law fluid index n and suction/injection parameter f w on the velocity distribution. The effects of the Eckert number E c , power-law fluid index n, suction/injection parameter f w , magnetic field parameter M and Prandtl number Table 1 shows that temperature θ() decreases with the increase in the suction and it increases with the increase in the injection for n =1.0, P r = 0.7 and E c = 0. Table 2 shows that the effect of injection and suction is to decrease the rate of heat transfer ( )    . The values of the skin friction coefficient ( ) f 0   for different values of the magnetic field parameter M and power-law fluid index n for f w = -0.5 (injection) and f w = 0.5 (suction) are tabulated in Tab.3. It is evident from the table that an increase in the magnetic field parameter M increases the skin friction coefficient value ( ) f 0   in both the cases of suction and injection for pseudo plastic, Newtonian and dilatant fluids. It can also be noticed that an increase in the power-law index decreases the skin friction coefficient value
The effects of suction and injection on the velocity profiles f  for pseudo plastic and dilatant fluids are shown in the Fig.1 . It is evident from the figures that an increase in suction leads to a decrease in the velocity, while the velocity increases with an increase in the injection. The effects of the magnetic field parameter M on the velocity profiles for pseudo plastic fluids in Fig.2 and for dilatant fluids in Fig.3 are plotted for both the cases of suction and injection. It is noticed from the figures that the effect of the magnetic field is to decrease the velocity profiles f  for suction and injection in both the cases of pseudo plastic and dilatant fluids. It is also seen from above figures that the magnetic field effect is greater in suction when compared to injection. The effect of the power-law fluid index n is to increase the velocity and temperature profiles which can be observed from Figs 4 and 5. Figure 6 shows that the temperature decreases with an increase in suction, while the reverse phenomenon occurs with injection for both pseudo plastic and dilatant fluids. The comparison of temperature profiles θ in Fig.7a and the rate of heat transfer ( )    in Fig.7b with respect to suction and injection for Newtonian and non-Newtonian fluids is shown. It follows from the figures that the temperature increases with the power-law fluid index n for both the cases of suction and injection parameter. And the rate of heat transfer ( )    increases with an increase in the power-law fluid index n. It can also be seen that the temperature profiles θ and the rates of heat transfer ( )    for Newtonian and non-Newtonian fluids with suction are higher when compared with injection. Figures 8 and 9 show the effect of the Eckert number on the temperature profiles. With a very small increase in the Eckert number E c temperature profiles increase rapidly with suction/ injection for both the cases of pseudo plastic and dilatant fluids. The temperature distributions of pseudo plastic fluids and dilatant fluids are presented for selected values of the magnetic field parameter M in Fig.10 and Fig.11 respectively. It is clear from these figures that the magnetic field increases the temperature distribution for both the cases of suction and injection. Also, the influence is more significant in the case of injection. Figures 12 and 13 present the temperature profiles for various values of the Prandtl number P r respectively, for pseudo plastic fluids and dilatant fluids. It is evident from these figures that the increase in the Prandtl number Pr decreases the temperature distribution for both the cases of suction and injection. This behavior is more noticeable for suction. = -0.5, -0.2, -0.1, 0, 0.1, 0.2, 0.5 γ -kinematic viscosity η -dimensionless similarity variable θ -dimensionless temperature μ -magnetic permeability ρ -density σ -electrical conductivity τ w -shearing stress on the surface ψ -stream function
